Introduction: We characterized the safety and tolerability of empagliflozin in patients with type 2 diabetes (T2DM) randomized 1:1:1 to placebo, empagliflozin 10 mg, or empagliflozin 25 mg in clinical trials. Methods: Pooled data were analyzed from patients with T2DM treated with placebo (N = 4203), empagliflozin 10 mg (N = 4221), or empagliflozin 25 mg (N = 4196) in 15 randomized phase I-III trials plus four extension studies. Adverse events (AEs) were assessed descriptively in participants who took at least one dose of study drug. AE incidence rates per 100 patient-years were calculated to adjust for differences in drug exposure between trials.
INTRODUCTION
Empagliflozin is a potent and selective sodium glucose cotransporter 2 (SGLT2) inhibitor used in the treatment of type 2 diabetes mellitus (T2DM). Inhibition of SGLT2 in patients with T2DM leads to increased urinary glucose excretion [1] . In addition, initiation of empagliflozin increases excretion of sodium, resulting in osmotic diuresis and reduced volume load [2, 3] . In placebo-controlled phase III trials, treatment with empagliflozin (10 or 25 mg) as monotherapy or add-on therapy improved glycemic control and led to reductions in weight and blood pressure in patients with T2DM [4] [5] [6] [7] [8] [9] [10] [11] . Furthermore, in the EMPA-REG OUT-COME Ò trial, empagliflozin given in addition to standard of care reduced cardiovascular events, cardiovascular mortality, and incident or worsening nephropathy in patients with T2DM and established cardiovascular disease [12, 13] .
An analysis of pooled safety data from clinical trials based on more than 9000 patient-years' exposure showed that empagliflozin 10 and 25 mg were well tolerated in patients with T2DM [14] . Events consistent with genital infection were reported in a greater proportion of patients treated with empagliflozin than placebo. Empagliflozin was not associated with an increased risk of hypoglycemia vs. placebo, except in patients on background sulfonylurea and/or insulin. In this clinical trial setting, the incidences of events consistent with urinary tract infection (UTI), volume depletion, bone fractures, cancer, and decreased renal function were not increased with empagliflozin [14] . However, side effects in the empagliflozin product label include UTIs and volume depletion, especially in elderly patients [15] .
An increased risk of diabetic ketoacidosis was not observed in clinical trials of empagliflozin. However, as loss of glucose in the urine leads to a negative energy balance and so to a decreased insulin-to-glucagon ratio, SGLT2 inhibition may lead to an increase in circulating ketone bodies, particularly in the fasting state [16] , and there have been reports of diabetic ketoacidosis in post-marketing safety studies. Thus, the product label for empagliflozin includes a recommendation for healthcare professionals to assess patients who present with signs and symptoms of metabolic acidosis for ketoacidosis regardless of blood glucose level [15] .
This paper describes the safety and tolerability of empagliflozin based on a large pool of patients with T2DM who were randomized 1:1:1 to empagliflozin 10 mg, empagliflozin 25 mg, or placebo in 15 phase I-III clinical trials, including the EMPA-REG OUTCOME Ò trial.
METHODS

Participants
Data were pooled from 14 trials of 8 days to 78 weeks' duration [4] [5] [6] [7] [8] [9] [10] [11] [17] [18] [19] [20] [21] [22] ; the 52-week extensions to the phase III trials of empagliflozin given as monotherapy, or as add on to metformin, metformin plus SU, and pioglitazone with or without metformin [23] [24] [25] [26] ; and the cardiovascular outcomes trial EMPA-REG OUTCOME Ò (median duration of treatment 2.6 years) [13] . All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. An independent ethics committee or institutional review board approved the clinical protocol at each participating center. All participants gave signed and dated informed consent prior to inclusion.
Assessments and Data Analyses
Safety and tolerability were assessed on the basis of adverse events (AEs) reported by investigators, which were coded according to preferred terms in the Medical Dictionary for Regulatory Activities [MedDRA] version 18.0. A severe AE was defined as an AE judged by the investigator to be incapacitating or causing inability to work or to Analyses of AEs were descriptive and based on participants who received at least one dose of study drug. Exposure-adjusted incidence rates were calculated per 100 patient-years as 100 9 n/T, where n was the number of subjects with the event and T was the total patient-years at risk of the event. Patient-years at risk was defined as the time from the first dose to the onset of the first event (for participants with an event) or to the last dose plus 7 days (for participants without an event).
RESULTS
Participant Disposition, Exposure and Baseline Characteristics
In total, 4203, 4221, and 4196 participants were treated with placebo, empagliflozin 10 mg, and empagliflozin 25 mg, respectively. Total exposure was 7369, 7782, and 7754 patient-years in the placebo, empagliflozin 10 mg, and Placebo, n = 4182; empagliflozin 10 mg, n = 4201; empagliflozin 25 mg, n = 4177 c Placebo, n = 4182; empagliflozin 10 mg, n = 4201; empagliflozin 25 mg, n = 4177 d Placebo, n = 4203; empagliflozin 10 mg, n = 4219; empagliflozin 25 mg, n = 4195 e Placebo, n = 4176; empagliflozin 10 mg, n = 4194; empagliflozin 25 mg, n = 4180 f Placebo, n = 4145; empagliflozin 10 mg, n = 4165; empagliflozin 25 mg, n = 4142 g Placebo, n = 4203; empagliflozin 10 mg, n = 4220; empagliflozin 25 mg, n = 4193 empagliflozin 25 mg groups, respectively. The participants came from Europe (39%), Asia (27%), North America (21%), and Latin America (11%) ( Table 1) . Baseline demographics and clinical characteristics were balanced among the treatment groups (Table 1) .
Summary of Adverse Events
The incidences of severe AEs, serious AEs, fatal AEs, and AEs leading to discontinuation were higher in the placebo group than in the empagliflozin groups ( Table 2 ). The most common AEs occurred at similar or higher incidence rates in participants treated with placebo than empagliflozin ( Table 2) .
Hypoglycemia
The incidence of confirmed hypoglycemic AEs differed according to glucose-lowering medication used at baseline. The incidence of confirmed hypoglycemic adverse events was higher with empagliflozin than placebo in participants taking a sulfonylurea at baseline, but was similar between empagliflozin and placebo in other subgroups by background glucose-lowering medication (Table 3 ).
Urinary Tract Infections
The incidence of events consistent with UTI was higher in female than male participants in all treatment groups, and was similar between empagliflozin and placebo in both male and female participants (Table 4 ). The incidence of such events was higher in participants aged 65 years or more in all treatment groups. Events consistent with UTI were mild or moderate in 96.7% of participants who experienced them and led to treatment discontinuation in a very small proportion of participants (0.3%, 0.6%, and 0.6% in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively).
The proportions of participants with UTIs that required or prolonged hospitalization were similar in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups (0.9%, 0.6%, and 0.9%, respectively). In total, 700 participants had a history of chronic or recurrent UTI, whereas 10,861 participants had no such history. Events consistent with UTI were reported by a higher proportion of participants with a history of chronic or recurrent UTI (38.9%, 37.4%, and 36.5% in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively) than in participants without such a history (14.4%, 14.4%, and 13.7% in these Data from participants who received at least dose of study drug. Hypoglycemic adverse events are defined as those resulting in plasma glucose of at most 3.9 mmol/L and/or requiring assistance a With or without other glucose-lowering medication Based on one narrow SMQ groups, respectively). Complicated UTIs (pyelonephritis, urosepsis, or serious AEs consistent with UTI) were reported in 0.9%, 0.6%, and 0.9% of participants in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively. The mean change in HbA1c in patients with events consistent with UTI was not analyzed.
Genital Infections
The incidence of events consistent with genital infection was higher in female than male participants in all treatment groups, and was higher with empagliflozin than placebo in both male and female participants and in all age groups (Table 4 ). Events consistent with genital infection were mild or moderate in 99% of participants who experienced them and rarely led to treatment discontinuation (\0.1%, 0.6%, and 0.5% of participants in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively). The proportion of participants with genital infections reported as serious adverse events was low (0.1%, 0.2%, and 0.1% in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively). In total, 174 participants had a history of chronic or recurrent genital infection, whereas 11,387 participants had no history of chronic or recurrent genital infection. The proportion of participants with events consistent with genital infection was higher in participants with a history of chronic or recurrent genital infection (9.7%, 32.0%, and 27.4% in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively) than in participants without such a history (1.5%, 5.9%, and 5.9%, respectively). The mean change in HbA1c in patients with events consistent with genital infection was not analyzed.
Volume Depletion
The incidence of events consistent with volume depletion was similar between placebo and empagliflozin in all age subgroups, apart from a higher incidence with empagliflozin 10 mg and empagliflozin 25 mg vs. placebo in participants aged 75 years or older (3.2 and 3.0 vs. 2.3 per 100 patient-years, respectively). The incidence of events consistent with volume depletion was similar between placebo and empagliflozin irrespective of use of diuretics at baseline. In participants receiving loop diuretics at baseline, the incidence of events consistent with volume depletion was 3.5, 5.0 and 4.4 per 100 patient-years with placebo, empagliflozin 10 mg, and empagliflozin 25 mg, respectively.
Cancer
The incidence of cancer events, and of cancer events with an onset more than 6 months from the start of treatment, was similar between the placebo and empagliflozin groups. No imbalance was observed between empagliflozin and placebo in the incidence of any specific type of cancer (Table 4) .
Renal AEs and Laboratory Parameters
Small decreases in eGFR were observed in all treatment groups, with larger decreases in participants treated with placebo than empagliflozin ( Table 5 ). The incidence of events consistent with decreased renal function (narrow standardized MedDRA query ''acute renal failure'') was similar in the placebo and empagliflozin groups; the incidence of these events was higher in participants with moderate renal impairment (eGFR [30 to \60 mL/min/ 1.73 m 2 ) than in those with no/mild renal impairment ( Table 4 ). The incidence of acute kidney injury (MedDRA preferred term) was similar in the placebo and empagliflozin groups (Table 4) . Serum uric acid decreased more in participants treated with empagliflozin than placebo ( Table 5) . Empagliflozin was not associated with an increase in the incidence of nephrolithiasis (0.9, 0.6, and 0.5 per 100 patient-years in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively), renal colic (0.1, 0.2, and 0.1 per 100 patient-years in these groups, respectively), or gout (0.6, 0.6, and 0.5 per 100 patient-years in these groups, respectively). Urinary N-telopeptide/creatinine ratio, 25-hydroxyvitamin D, and parathyroid hormone levels were only recorded in two monotherapy trials [8, 19] Hepatic AEs and Laboratory Parameters
The incidence of events consistent with hepatic injury was similar in the placebo and empagliflozin groups (Table 4 ). There were no clinically relevant changes in alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase, or bilirubin in any treatment group (Table 5) . Elevations in liver enzymes to at least three times the upper limit of normal (ULN) were rare in all treatment groups and no more common with empagliflozin than with placebo, but elevations in ALT and/or AST at least five times ULN were more frequently observed with empagliflozin vs. placebo. The proportion of participants who had ALT and/or AST at least three times ULN with bilirubin at least two times ULN was similar in the placebo and empagliflozin groups (Table 6 ). Elevations in liver enzymes were mainly explained by viral infections or the effects of concomitant medication. No cases met Hy's law criteria.
Hematocrit and Venous Thromboembolic Events
Hemoglobin and hematocrit increased in participants treated with empagliflozin, with no increases in the placebo group (Table 5 ). The incidence of venous thromboembolic events was low in all treatment groups (0.3, 0.1, and 0.3 per 100 patient-years in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively) ( Table 4) .
Electrolytes, Parathyroid Hormone, and Bone Fractures
No clinically meaningful changes in serum electrolytes, alkaline phosphatase, 25-hydroxyvitamin D, urinary N-telopeptide (NTx)/creatinine ratio, or parathyroid hormone were observed in any treatment group (Table 5 ). The incidence of bone fractures was similar across treatment groups (1.7, 1.6, and 1.4 per 100 patient-years in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively). The proportion of participants with bone fractures was greater in participants with moderate renal impairment (eGFR [30 to \60 mL/min/ 1.73 m 2 ) than in those with no/mild renal impairment (Table 4) .
Lipid Parameters
There was a small increase from baseline in LDL-cholesterol and total cholesterol in all treatment groups, including the placebo group. There was a small increase from baseline in HDL-cholesterol with empagliflozin 25 mg. No change in the LDL-cholesterol/HDL-cholesterol ratio was observed with empagliflozin 10 or 25 mg. There was a small increase in triglycerides in the placebo and empagliflozin 25 mg groups, with no change in the empagliflozin 10 mg group (Table 5 ). There were no relevant changes in apolipoprotein A-I in any treatment group. Increases in apolipoprotein B were similar in the placebo and empagliflozin groups (Table 5) . Data are n (%) in participants who received at least one dose of study drug ALT alanine aminotransferase, AST aspartate aminotransferase, ULN upper limit of normal
Diabetic Ketoacidosis
The proportion of participants who had urine ketone levels at least 1? was greater in the empagliflozin groups than in the placebo group (Table 7) , but the proportion of participants with diabetic ketoacidosis AEs was similar between groups. Diabetic ketoacidosis was reported in 5 (0.1%), 5 (0.1%), and 1 (\0.1%) participants in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively. The incidence of diabetic ketoacidosis was 0.1, 0.1, and less than 0.1/100 patient-years in these groups, respectively. Two participants discontinued treatment with empagliflozin (10 mg) because of diabetic ketoacidosis AEs. No diabetic ketoacidosis AEs were considered to be related to study drug by the investigator. All participants recovered, except for one participant in the empagliflozin 10 mg group for whom the outcome was unknown (at the last follow-up, this participant was scheduled for hospital discharge 5 days after admission for the event). There were no clinically meaningful changes in bicarbonate levels in any treatment group (Table 5) .
Acute Pancreatitis
Acute pancreatitis was reported in 4 (0.1%), 1 (\0.1%), and 4 (0.1%) participants in the placebo, empagliflozin 10 mg, and empagliflozin 25 mg groups, respectively. The incidence of acute pancreatitis was 0.1, less than 0.1, and 0.1/100 patient-years in these groups, respectively (Table 4) .
Lower Limb Amputations
The frequency of lower limb amputations, based on a manual review of the pooled safety data and AE narratives, was 1.1% in all treatment groups (Table 4 ). Most (131 of 140) cases of lower limb amputation occurred in the EMPA-REG OUTCOME Ò trial (see Table S1 in the supplementary material). In the EMPA-REG OUTCOME Ò trial, the proportion of participants with lower limb amputations was similar in participants treated with placebo (1.8%) and empagliflozin (1.9%). Toe amputations occurred in 0.9% of participants in the placebo group and 1.3% of participants in the pooled empagliflozin group. In both the empagliflozin and placebo groups, the frequency of lower limb amputations was higher in participants with moderate renal impairment (eGFR 30 to \60 mL/min/ 1.73 m 2 ) than in those with no/mild renal impairment, and in those using insulin at baseline (see Table S1 in the supplementary material). The frequency of lower limb amputations was higher in participants with a history of peripheral artery disease, microvascular disease, or diabetic foot in all treatment groups. There was no clinically significant difference in the frequency of lower limb amputations between the placebo and empagliflozin groups in subgroups by gender, age, use of diuretics or loop diuretics at baseline, use of concomitant glucose-lowering medications at baseline, or cardiovascular comorbidities (other than peripheral artery disease) (see Table S1 in the supplementary material). The incidences of events potentially related to amputations (peripheral artery obstructive disease events, diabetic foot-related events, relevant infection events, and wound events) were similar in the placebo and empagliflozin groups (Table 4) . 
DISCUSSION
This comprehensive analysis of pooled safety data based on more than 15,000 patient-years' exposure to empagliflozin was undertaken to characterize the safety and tolerability of empagliflozin in patients with T2DM. The results confirmed that empagliflozin is well tolerated in this patient population. Hypoglycemia is a major concern in patients with T2DM [27] . In this large data set, empagliflozin was not associated with an increased risk of hypoglycemia compared with placebo, except for in participants on background sulfonylurea. Empagliflozin would not be expected to be associated with an increased risk of hypoglycemia given its insulin-independent mechanism of action [1] . However, sulfonylureas, which stimulate insulin secretion, are associated with an increased risk of hypoglycemia [27] , and an increase in hypoglycemia has also been reported when other SGLT2 inhibitors are used in combination with a sulfonylurea [28, 29] . When empagliflozin is used in combination with a sulfonylurea or insulin, a lower dose of the sulfonylurea or insulin should be considered to reduce the risk of hypoglycemia [15] .
Treatment with empagliflozin leads to transient natriuresis and increases in urine volume [2, 3] . The potential for hypotension in patients treated with empagliflozin is acknowledged in the prescribing information [15] , particularly in patients who are elderly. In this large data set, the incidence of events consistent with volume depletion was similar between empagliflozin and placebo, except for a greater incidence with empagliflozin in participants aged 75 years or older and in participants receiving loop diuretics at baseline.
In this analysis of pooled data, the incidence of events consistent with UTI was similar in participants treated with empagliflozin and placebo. The incidence of events consistent with genital infection was higher in participants treated with empagliflozin than with placebo, but such events were mild or moderate in most participants and rarely led to treatment discontinuation. An increased risk of genital infections has also been observed with other SGLT2 inhibitors [30, 31] .
On the basis of a meta-analysis of phase IIb and phase III clinical trials, the US Food and Drug Administration warned that the SGLT2 inhibitor dapagliflozin may increase the risk of bladder cancer [32] and this is acknowledged in the dapagliflozin product label [33] . Several post-marketing studies are ongoing to ascertain the level of risk. The available safety data for empagliflozin do not suggest an association between empagliflozin and malignancies in patients with T2DM.
Small decreases in eGFR were observed in all treatment groups, with larger declines in the placebo group than in the empagliflozin groups. In the EMPA-REG OUTCOME Ò trial, an initial decrease in eGFR was observed with empagliflozin. Thereafter, during long-term administration, eGFR remained stable in patients treated with empagliflozin and declined steadily in the placebo group. After cessation of study drug, eGFR increased in the empagliflozin groups, such that eGFR was significantly higher with empagliflozin than placebo at the post-treatment follow-up visit [12] . These observations suggest that the initial decrease in eGFR in patients treated with empagliflozin is due to hemodynamic effects and that empagliflozin has the potential to slow decline in renal function in patients with T2DM [12] . Of note, in our analysis, there was no increase in the incidence of events consistent with decreased renal function, including acute kidney injury, with empagliflozin vs. placebo.
It has been hypothesized that SGLT2 inhibitors might increase the risk of bone fractures because of modulation of renal reabsorption of calcium and phosphate [34, 35] . In this large data set, the incidence of bone fractures was similar in participants treated with empagliflozin and placebo. There were no changes from baseline in calcium or phosphate levels with empagliflozin, and no notable changes from baseline in other bone markers with empagliflozin. Previous studies have found no notable changes in calcium or phosphate levels with empagliflozin in patients with T2DM and chronic kidney disease [4] or in patients with T2DM and established cardiovascular disease [13] .
Increases in HDL-cholesterol and LDL-cholesterol have been observed in some trials of empagliflozin [5] [6] [7] [8] , which may be partly due to hemoconcentration [36] . In this pooled analysis, small increases in LDL-cholesterol were observed in the empagliflozin groups; small increases in HDL-cholesterol were observed in the empagliflozin 25 mg group. In this pooled analysis of data from the clinical trial setting, increased urine ketone levels were reported in a greater proportion of participants on empagliflozin than placebo, but the incidence of diabetic ketoacidosis was very low and no higher in participants treated with empagliflozin than placebo. The incidence of events consistent with hepatic injury was similar in participants treated with empagliflozin and placebo.
Regulators have recently completed a review of the available data for possible associations between the SGLT2 inhibitor class and lower limb amputations, concluding that canagliflozin may increase the risk of lower limb amputation [37, 38] . The US Food and Drug Administration has issued a boxed warning to the label for canagliflozin describing the increased risk of leg and foot amputations [38] . A review of the available data for possible associations between SGLT2 inhibitors and acute pancreatitis is ongoing. No evidence of an association between empagliflozin and lower limb amputations or acute pancreatitis was found in this large data set from the clinical trial setting.
Strengths of this analysis include the large sample size and exposure. Limitations include that the studies were of varying durations and that differences between groups were not compared using modelled analyses. The analysis of lower limb amputations should be interpreted with caution because of the manual retrieval and validation of such cases. Overall, the results of this analysis of pooled safety data support a favorable benefit-risk profile of empagliflozin in patients with T2DM.
CONCLUSION
In this pooled analysis based on more than 15,000 patient-years' exposure to empagliflozin in placebo-controlled trials, empagliflozin 10 and 25 mg were well tolerated in patients with T2DM. Empagliflozin was not associated with a higher rate of hypoglycemic events compared with placebo, except in participants on background sulfonylurea. The incidence of AEs consistent with volume depletion was similar between empagliflozin and placebo, except for a higher incidence with empagliflozin in participants aged 75 years or older and in participants receiving loop diuretics at baseline. Genital infections, but not UTIs, were more frequent in participants treated with empagliflozin than placebo. The incidences of bone fractures, cancer events, renal adverse events, venous thromboembolic events, hepatic injury, acute pancreatitis, lower limb amputations, and diabetic ketoacidosis were not increased with empagliflozin compared with placebo. Further information on the safety and tolerability profile of empagliflozin will be provided by post-marketing surveillance. Compliance with Ethics Guidelines. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. An independent ethics committee or institutional review board approved the clinical protocol at each participating center. All participants gave signed and dated informed consent prior to inclusion.
Data Availability. The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.
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